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(57) [®^] 

i/ -Y /i-S ^?F^^T ^ r Sr#® i r .5 ^ =^ 
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^ ^ Sr ?^ 5 i t 'Sr #^ t -t- 5 f ^ =^ + /i- 
-> y 3 V'^^S t?^-^'^ SrSI5t-r :^ffio 

K-7'i-S^*al«?^^ 1 X 1 0'°~5X 1 0"at 
oms/cm' {^-f-Sr t Sr4t1Siii-^i«**l 1 t^fB«l^fc^ 
f ^ -> /I' -> U 3 ft [7 ^— /-^ 5rMit-r 5 *-j£o 

K-TT'-r-s^iUjsa*^ 1 X 1 o"~i X 1 o"at 

-r 5 r t t i- it 1 '^e ' 1-^** 3 '"^^ 
[if*«5l ^fE->y =^'¥^ft'>^-^^<^^S^^- 
Tiv ^ Lit 6 <^v ^-f 1 9!^IE« l^Tt^ t-^ ^ v- 
i o-cS:iig$tLfc:t =¥v'^/i'-> y => :^*^ft 

$ kfc -> y = i^^^^B^^ ^ ^ ^ ^ "^^^ ^ ^ ^ 

$ u ^ 5 <7? T- r i #it t T ^ ^ t:= -ir /^ 



2) ^^#^2 0 0 0-4 4 3 8 9 

2 

K*^. 1 X 1 0 ' ° ~.5 X 1 0 ' " atoms/cm" "Cfo 2) i t 5r 
#1t i 9 bfc:^ f ^ •> ^ yi- v' y = >- 

g/i^s 1X10"~1X1 O" atoms/cm' T-fo5i ^ t ^ 
#mt-r5l«*^9^fcl4S»*^l OlClE^bfc^tfi? 

[!f*«l 3 1 Hf}|E->y ='>**SB%!>i--'^'^*&^F«^ 

4] BljiE->y ^^^*SB"B^7a.-/^|i. 

mmtam^^^^^l X 1 0'^@/cm''iy±i:'S^mwSf^ 
20 Sr#mi-r5>if*«9'iei'^l-iS*^l 3c^v^•rn/!l-l« 

*Pir3lt°^^ev'^/^^^?F^fiS;•t"5t^It^. 9 0 oT:~->'y 

1 ^l;i|E4EUfc3itr^:3f-v'-^>'W->y 
[if*^l 6] tfilE->y =I>'^^B«B■>^-^^/45^ 

I!f*ii 1 7 1 ttllB-> y >W^B^B'^^-^Mi. *S 

-C^ .i7;ii— />«ga5ro:5^R&f-'1'^A5 0. 1 3 5 m m£A± 
oklil&^ar-iSO. 1 2Wcm'UJlTT% ^-og!*tfft±if!l*a 

40 i±if*«l 6{::IE«bfc3if^=if->-v/i">y =i^*^Bl 

[IS*lll8l SfIfE->y ='^¥^B%^>^-^-'^®^^ 
0. 1 Q • cmJeA±-efc5r t§r#@ti-5if*ii9 

[00 0 1] 

50 ^**£^B7^-^^<7)K3t:^ffii:> fi^Jg^M#3lSS^^'> 




( 3 ) 
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[0 0 0 2] 

fco *^c. Mos LS ^;lov^rt>. y^h^i:.^— ^ 
nrt^^o ^^t^. i^y ^>^*^B%Si5t^tc«A^n lo 

5, V^:b^^5G r o wnr- i n^^R&t-ct^DRAM^^ft 
[0 0 0 3] rcOJ: 9^.^^^^T=>W>^tw>K.S$iX^::^ 

{iS^Jg^^#?ffiS/^^ 1 X 1 0 ' atoms/cm' JiUT^^X.?? 
[0 0 0 4] CCDJ: 5^«^£^M^^«#?^^S:JS^-^^SW 

>'«g<:^S*5 (M^tf> 3X1 0^ 'atoms/cm' :i^Ji. 

0, 0 2Q-cmJeXT) ;55ffiV^?5tlr:fe!9^ ^(Dtilb^^M^ 

[0 0 0 5] L;6=^L. SafitiCMOST'^^-f^^fflO^t:*' 30 

^x^^. myf^^^^^^(^&m^it-<x^^y^ V 

(ommxhoxh. mm^^^x\^^y^')i^vmti^ 

^t*^mmtfx^x\^^o 

[0 0 0 6] IfiSC^^^O. 1 Q • cm7!^iSC»]S^C3 

S«^s i 02\zX<^XCVlD=^—y''<^^i^i-^m 
<Dlctm*-£>^xhV. iiHttSX/^^ h^il^t:^i^^J[^ 

[0 0 0 7] 

mf^&'>=^—^^(^£^t\.x.M^^>'Sm<om^<o^ so 
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[0 0 0 8] 

:ii - ^ I- ^ ^ =^ ff^^-r ^ ^ S: 

[0 0 0 9] ^(OXol'^. iiit:*^:3ri/^/l.ixy rn^^^^ 

[0 0 10] Z,(Dm^. li*^2{::|S«bfcJ: ^ 

Sr. IXlO^'-^-SXlO^' atoms/cm' l^f ^ - ;^^$f 

1X1 O' 'atoms/cm 

9tC-f-^fcJ6^CJl. 5x1 0' 'atoms/cm' WTiri" 5 <75 

[0011] ^ ^tr- com^. if*ti3trfE«tb7tJ: 9 
i::. ^-3 ^7/u;^^-?£i::<toT^*^ K-:/bfciv'y 

^SISSTs 1x10' '--1X1 O'^atoms/cmNd't-a:! 

[0012] r Hfl. ^^iSS;^^ 1x10'' atoms/cm' 

^0%^ $ iTTt cOas-gr own^t^Sg -C'M* ff^^ $ 

K^fci^. ^J^l^l 0 0 0X:i^±C0i^rST^:r.t:"^=3f->>-Y 

1 X 1 0'fli/cm'JeAJt<^/.e5^t'^=¥v'-\->'l-'>^ — 




( 4 ) 



fc. ^mMSi^^^l X 1 O'* atoms/cm UTX-hn\i. ^ 

"i" 9o 

[0 0 131 *fcs if*^S4t;:|S«bfc<t 5^ 3^5^ 

ISppma ( J E I DA : 0*:®^X^S« 

[0 0 14] ff*^l5tr|E,gcU/cJ: 5J^> ^ 

>':^SSSt>^— /n[;i9 0 o^'-v-y =3 c^cQ^.-^jg^TtT:)?^ 

[0 0 15] z,<D^^. if^jtiietris^bTtJ: ^tcsufs 
;^^#H^<!:LT. 'pfJ:< <!r t 3 0#^^^T 9 r t ^ 

(C^-fb^iSaS^j^fe (OSF) ^;^t'^^.:ftb7t'9. ^^/^^ 40 
i: 3 Of>fs1^T;t^^. mW^M<^9)i^\^+'7^^^'f^ ^ <^^^ 

[0 0 16] ^UT. if.^m(^nm^7 \^mm\^t:.^m 

X\^^ '^V =^l^W^^B'y=^—^^(^i^tri^'t. 0. iQ- 
cmtXii^li-^r <i:i: L/C. ^^m<r)mmjjmit. zcdx 
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;5S-C#^fci^). CMO SxV-^^^^ffi^^^SSt-SSgt^ 

[0 0 17] ^LT. *^P^<^Si^*ftTM5t$nfci> 
il n>-^^B%r>:x-yN (fi*ig8) (i. If*!! 
9<DXo\i. :iit'*^=^rv^-yyl-v^y ^V-^^H^^^^— ^^T- 

^3 -^v/^^^-m^^-^x^m^ v-zfi.xm^^ti 

[,0018] ^LT. ^(D:^-^. It*xl 1 oco J: 5 

i>y ^I^^^B^erJzzil^/NCT^g^jglg^, 1X10'°~5 
X 1 0' 'atoms/cm' ^ L. fo 5 V ^t^iif sf^^S 1 1 (O^ o\Z. 
IXIO'^'-IXI O atoms/cm' t-^^^ tt^X^ 

fc"^ ^ ^ /I- 5^ ir:— ^ ^ v- ^ JVm<O^^^B\^t^ 

[0 0 19] #iws it*ill 1 i^D 

=i>-^j*B%r>3l— ^N<7)^9SS^^, 1X10''~1X1 
■ 0^' atoms/cm' i: Lfcm^li. It*ill 2ir|S«Lfci: 
int*'^:3^v'-t/^S^®^7:'^l^fi^^^0. SWcm' 

^tZO. Sm/cm' tmi^X^i^^t^h(Dt't^^t:b*^X^ 

o ^ :ar i> -^^ ^ ^ — ^ ^ *r -'^-Y ^ f^Si t w ffl I ^ 7t ^ 

;^^^Mc7:)#® ^) ^^L< f^Jt^-^^:: i/^^T^#^o 

[0020] ^fzn^mi s(DX^\z^ i^v=^i^Wf^^B 
^ju^i^-y^xh^ii. mmmx<Dmimmmmmmi^ 

^th^m^^tl^(DX\ &^mtLXh-hl^lZ^^^y^ ]) 
[0021] ^hlzn^^l 4<^J: 5t-s ttrlEi/y =J>^ 

gToym'^mxm't^h(Ot'r^:it7}>Xt^o ^ZXas~ 




( 5 ) 
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[0 0 2 2] ;*:^W^^t''^^rv'^r/U'>y ^iV^^H^^? 

[0 0 2 3] ^co:^^. if3jt:^l 5lc:fS«bfcJ: 

(SF) coJ: 9?i^Pf&<^^^;^^^P . 
OSS t:^ ^ t** ix -^^ /i-S $ V ^ ^5 ^ 

I0024J ^tz. z<Dm^^^mi 6t;if5«b/cJ: 5 

[0 0 2 5] ^ UT. if*^ga 7 irlEgtb/Cct 5 ici. tu 
^P^Ii^'Y 0 . 1 3 5 M m&^±<7)^Pj|i^^/i5 0. 12 

[0 0 2 6] -<Di.0K^mm(O=^\^'^^iy'^J^'^'J^ 
r?^— /Nfi, ^a^mMU\^^^^X\±. 0. 13 5//m)J^ 

■(j^^th\^n^xA^-^^ih(Dtti^, ^<j\^^u 



^^WbI 2 0 0 0 - 4 4 3 8 9 
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[0 0 2 7] ^ti. Si*«l 8{wlE«feLfcJ:5IC. ^t' 

:^-y^(Oi^i7imA-0. 1 Q ' cm£l±t-r^Zt^^^X^ ^ 

[0 0 2 8] UT. :^mm\:^^-^^X^h\::m^i-^t)K 
C Zffi{c:<toTv'y =1 ^^^fea^BW^^^iw^SlS: K-y^-r 

5S^s^:Iior^#?:>n/c. iibv^<>'^>^ y ^-^/^^sr^i- 
[0 0 2 9] -r/c^^-^. ^^^v^y =i>'*^a%*t:i K- 

5ilWffi4^^*?i'5ii5<^<f^-^J^^*i*^/^^''^^'^ (T.Abe 
andH. Takeno, Mat. Res. Soc. Symp. Proc. Vol. 262, 3, 1992 

[0 0 3 0] Vtz^-^x. czmi^^V iyV =^^^W^^B 
iSVN'>y =^>'^fefs*3J:(>*ri^$r^J0XbTiyy =1^-*^ 

^zt\zx^. mcmmmmxh^m^h^-y\^x\.^^j: 
^(Dmrnti^x. ^ioi^xm^m^^miKf&(D(i^^j:\^^ 
[oo3ii-^bT. ^(D^ 5>j-v/y =3>-:**gB%w^Np 

fS.m^'^tLm'^xh. m^m^m^^^^yi^v >^^i.x 
i^iLT^c^t'^^'^^iX-^/i-v^y ^^^^^--^^^Mig-t-^r 

[0 0 3 2] 

x{i#53Bg6 0-2 5 1 1 9 0-^JciE^$nrv^^ J: 9 




( 6 ) 



lo 0 3 3 ] -r^j:t>'t^. czmt. 

[0 0 3 4] czmizX^XW^^B^^^ 

r o wn- i n ^PfecD^«^?P*J ^-^5 ^ J!)^-^^ 

[0 0 3 5] ^^^i>y :=^>'¥^B^0^^l:: V-y-r^t. 20 

XI 0'' atoms/cm &s±\:Z'r^(D^m^l^^\ ^iHlZ ^ 

X 1 ' atoms/cm' ^^^-5^. D =i >^m^e^^BCOm'^ 

[0 0 3 6] XlO^'-lXlO 
atoms/cm \Z't^Zt^m^i^^\ ^tlit. ^mMA 
75s 1 X 1 0'' atoms/cm U±Xhtl\i. 

1 0 0 0X:U±<OM'^^X::^}:l''^^i^'Y^l-^Mi:^<^X 
m^m^^' 1x10'' atoms/cm' &.TXhtlli. ^ ^ 40 

i^-r>'i^mizn^f&$ti^mmxf& (sf) ^j:t^<Dm^BXf& 
[0 0 3 7] ^^^Mx\-t. czmizx^xM^^ 

1 8 p pma Jt^Ti-i--5CQ/^^ 
»^bl\ v^y =f>*J^B^B^'«^SE^S^j55 1 8 p pm a 



^^ltr?a 2000-44389 
10 

<fj:^<ox. z<Dx^\zmkmt'tti\t. mmmx(Dm 

— :fer. /■^/i-^J'aJT^fl. ^m(7^#^E{;ict 

^ti^<DX\ i^^mtl.Xh+'^\z^^^y^ ])>'^9J}^^ 

[0 0 3 8] i^y ^n^-^s^B^B^s-w^-r^^jr, 

[0 0 3 9] :i^UT. cz^£iw^oV^TBffMSao^^ 
[0 0 4 0] ^mz. ±^}i^^^i^^^'^^^^rrom\z. # 

bHTtiXy =i>*^a%'>:2:-— 9 0 0t:-v'y =i>^C7:> 
[0 0 4 1 ] v-y ='>'*^fB'>^-^^*ffi60^mSr^:fr 

[0 0 4 2] :-<Dm^. '^m(Diy') ^:^^X(Dm6L^S, 

:^f^&t?^cf»l^St7:>^#^ UTfl. 9 O 0*C~i/y =3 
ii4.^>«T. <t !9 S L < 1 10 0 1 2 5 0 'C^t:'}^ 

[0 0 4 3] Sfc. M^^gft/5^{g;V^^'^^C|i. :nt">$7ar 
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[0 04 4] rcoi!l*OfSlri-^l^<^#ffl^<t ^"^^^^ ^ 

[0 0 4 5] ^/c. SiMSt^ffiffli-^3g«<bbT{i. ^. 

RTA (Rapid Thermal Annealing) ^g<hLT^?>K 

[0 0 4 6] ^7t. 7^^P^^C:^oV^T^^. :iit:'^:^v^^/^ 

[0 0 4 7]-:*. v-y :n>^^^B^0ii7^-/N(7:>/<:/i-;^g|i 

[0 0 4 8] 



7) ^^#r?i2 0 0 0-4 4 3 8 9 

12 

^^fe^'^^g^^SS^^l 6 p pma (J EI DA) t^l 
[0 0 4 9] K-yLfc::^<O4;$:(D^f0#<^Mi§P 

1 . 0 X 1 0' ' atoms/cm' 9 > ^ 9 <^ 2*tt 5 . 

10 0X1 0^' atoms/cm' Tfcofc (^*^7:){i^Ff^t&:fi^^^ 

- I RjwJ: ?)jiJ*L^ct w-?)'. if(^?^H^t 1 6 p pm a 

co^mM&t^j:^x\^^^zt^^mi^tio 
[0 0 5 0] zzxnhtifze^^m^^^BWt^^. t7-r. 

(7:)iE^ 6 4 y =^ V^^ga^B^® ^^-^^ ^ 6 tJc^^ 

Jil€bfci:r5 6*<t ICQ •cm-CfoofCo 

[0 0 5 1] mbco3®^co^»K-:/l:Srt>o6fe 

>«r K- ^fiTJS IrI C 2 tfctO y =1 >^ 31— /NOT) 5 -t, 1 
tfciii 2 0 ot:r% t 5 itfcUl 1 2 5*CT-5 /imi?:^ 

/w^ft^pfivy ^'i^^^^-f 7'(7:)^/^i:/-\'F^i-v^y 
ot^^#ia^i-^'^ 1 ooorTi emm(Dmmmiz 

[0 0 5 2] ^(D^^^ffffifeSS^T^a'JSJ^OPP (Opti 
cal Precipitate Profiler) ^fe-C-tTo/Co ^COOPPfe 

(ox\ •^i'ytm^^hxfc\y-¥yt^m^':^v :^'J>X2:^ 

[ 0 0 5 3] ^mmu^^mii^^i^tz. z:Lxmi 
<D&^^h. ^mv-:^^^. mmv-^Mi, oxio 

50 ' * atoms/cm- . K- T^fi 5 . 0 X 1 0 ' * atoms/cm' <D 
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[0054J mi^^. Mm K-:/*^^ 1 . 0x10^^ 

atoms/cm' <Dm^ 5 . 0 X 1 0 ' ' atoms/cm' 

b H -5 ^ ^ '> ^7 ^ — f^SS i~ ^ w t T 

[0 0 5 5] (mMM2. itmM2) mmmi tmmco 
:fjiiL< 1 0 0 ><^J^^^0^^?l# Jiif B\t±^fmm 

lil, Omm/min. 1. 8 mm/m i n CO 2 <!: 20 

!iLr. Mm«*;&55 X 1 o'\ 5xio*\ ixio 

Wit LT^IitfiSS 1 . Omm/m i nXM^y > K— 

• cm. 0. 5~17. 5ppma (JEI 

DA) (D^mXhofCo 
[0 0 5 61 iSfet^> :2ifc*:^^'>-^/l-^:S^g^fflV>T. 30 

mb<^'>y =^>"*^B^0^^^— 11 sot: 

T'l^}'Pp^^7:)7Km^-^lw^tx 1 1 7 Ot:T-3 /imCOff 
C0*IS1. OE+lOfll. 0 X 1 o^'Sr^LTV^^o 

[ 0 0 5 7 J m^wi 3 ) m-^m 1 1 mm(7:> c z air j: 

t). Ell 8 ^^5". PS (^^n>' K--:/) . JjilL< 1 0 
0>(7^#^ge%^^?l#±tf^Co ^I^±{f3g«m. Om 
m/min. 1. 8 mm/m i n 2 SHi <ir L. i^ifSf 4^ 

1X10''-^1X10'' atoms/cm' ^1 ^^W^ 
'>y =i>-*^B^B^®'?^-'^^CO®fet^{i*^ 1 OQ - cm. 50 
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• mm^&lt 10-I8ppma (JEI DA) (OmmX- 

[0 0 5 8] zIlt:•^:^rv'-y^/^^S^g^>fflV^Tr. 
nhcoi^v =^l^m'^^B^^—^^<^^^^Z^ 1130X:-C 
i^?S(07\^m-<-i^\zm^. 1 0 9 ot:-ci 5 ;xmii:$ 

t''^^v'-^/l-^St^<D^ffiC0«^^^|5fe (SF) /<^^''C7)^^ 
B^^^te^ft^SPl (KLAx>'='"-/W±SaSD"p:i&) 
^Vrf\^\ ^<7)S^^0 3lc:^Lfcio S^c. CtL^cT)::^ 

mcT^-^^-^^-^t 1 X 1 0' m/cm Ki±(om^vfihm^ 
[0 0 5 9] zixb(Dmmi^^^. ^mmm^^^i x i o*' 

--1X1 O'* atoms/cm' T-fontf. ^ i^-^/U^^ 
®.<7:)*£B^0^Pfe^O^ll. 8^>^^^— /^T-1 0 0f@)^ 
T> i-^«?:b-ib. *^0. 3fli/cm'l^T<0:>CPi««Tfc!9> 

[0 0 6 0] {mmm4) mi^mi tmm<oczm\c^ 

t). ia^6-Yv^. PM (^^o>-K-r) . :S'ia< 1 0 

0 >CO^SB^0#<^?l#±lfiS*l . Omm/m in T-^l 

" —^^<D&^mm ^^ffiS^S 1 X 1 0' ' — )^ 5X10 
''atoms/cm' t^Ji^X 9 I- bX. w CD^^SbI^T^^^ b 

>^m'^^Bmm^^-y^<om.i7im-3imi oq - cm. mm^ 

^{±S^^16ppma ( J E I DA) -efeofCo 

[0 0 6 1 ] i^^i-. :itLfcC0'5'^'~/^t--=c: ^^v'-^'/^ 
f&M'i-^tt](DmM^tl.X^>^yMm^<DRrA (Rapi 
d Thermal Annealing) ^® "Cfe ^ v'^ 7^ T ^ 
>r ^n7">>i5^ ^i^3-^/W^±$i<7:)SHS-2 8 

0 o ^fflv^T??i^S^^T^^ofco r. (7:)^c7:)^^s^# 

11. 12 0 Ot:. 0-^3 6 0 0&\ #H^{iH2 2 5 
%. Ar7 5%TfcSo 1^. 6 0#Je^±c^lK^^SIi. 6 

[0 0 6 2] ^com^^^i^i>k(09^—y^mm<ox^&^ ■ 

(^Pfef-'^^XO. 1 3 5 MmKJl±) SrBA^Mf^gfOSD 
A (Optical Shallow Defect Analyzer) Srffll^TpS 

L. />CO/<y^:^'t»<^:^Pfe^^ (BMD^S:Bulk 

Micro Defect^*) Bio-RadttM. ^SBt^l^SiSS 

OPP (Optical Precipitate Profiler) "kM^^Xll^^ 

^^jrM;65^UT\/^^.?v>r i:;5^4^J^c -tt^^h. ^t'^^=^ 




( 9 ) 



[0 0 6 31 ^Sfei-> w<7?f^«lfS^lfeb/c^7 3iWN(D*S 

(DT^m^-^^^^^^ 1 0 9 orx-l 5 /im<7:>i?$C0>^ 

yl,i>inwNO®&>fb)^WJE#tt (TZDB#tt:J3«tt/TD 

[0 0 6 4] r.rT% ll]6<7:)TZDB<^^p°p^<^»^^'— 
hmtmi^ 2 5 nm. 8 mm' . ^^J^mSfLfit 

1 m A/cm' . m^<D^WTX% ^jkJKKJET^^ 8 MV/cm 

t\^. h®?'ft:MJ¥2 5 nm. hffiW4mm\ 

'fbJKiS2 5nm. y-h®S4mm\ h U^^mStfll 20 

0. 0 1 A/cm\ 1 0 ox:o^#Tr% mtmm&r^s 

nfe<:0Sp"p*^5|i*t^f^±U. 1 2 0#WJi-efi9 5% 

[0 0 6 6] :2^^P^^-^^v^r^^ ^^/i-;^^- . 

[0 0 6 7] "^Tt. :r.t:'^ ^i/-Y/^'J5ScSS:^f 5> i-fe/to 
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B Eir J: t)^t'>$7ari>-v:>'^^S^^TV^:3^fc"^^=^C/^>'l^>- 
[0 0 6 8] 

^:3f-v^-r/V">y ^i^Wi^^^'>^—^^<7^&^tvxmm^ 

>^^^m(omm\^^^'XhM^>^-y^ v i^^m^^hhrn. 
^WkT-mmWi&f)^vk < ^ ^ 

[|llffi<Offi!*/.^IftP^] 

[mil ^J6«?9 1 . \t^m 1 ic*3v>r . g&5gwai^ 

^ W til ^^Pfi^ * <^ iffl ^ ^"t^^^Ei *> ^ o 

[El 2] *i£C?iJ2. it^^y2icjoV^T. ^fc'^^^ei^ 
^ /i-^S^ tc^lfeW'tliil^ ^tlf ffi $ -fr ^ sates Sr^To fc 
OP P&JwJ:^ '>^^^^<^S!&3StffttiiKi:>:R&«*<7:)S0 

So 

1^7^— />lC:Joit S T Z D B <7)g:p^D*<7?Sy^^^:^4r^'t- 
CO /Nl- jott a T DD B (T^^SiD^p^tDffla^^mSr^i- 



( 10 ) 



2000-44389 



imi] 

O -I- 3' * i' Y ^I'BSSaffi = liBot; 
A i If ^ r -iKfiSaas 1I251C 



10' 



.0- 

SlO 



o 



^10 
33 



: 10 



10 • 



I 1 


1 1 — 1 




o 6 














? ^ — 

1 


1 1 ) 



1.0 X 10'*atoms/cin' 5.0X i 0 ^ ^atoms/cm ^ 



[12121 1^4] 




atoms/cc) 




(72) mm^ ^BB ^fe 

Sl.lim^^'Tl5«a5 2TSl3#l ^ {t«^ 
^.f|«^4'magB-2Tgl3»l # ftS* 



Searching PAJ Page 1 of 2 




PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 2000-044389 
(43)Date of publication of application : 15.02.2000 



(5i;Int:CI. 


l/OUD Z9/UO 


H01L 21/20 




nu 1 L z 1 / Zl/D 




HOIL 21/322 


(21)Application number : 11-051784 


(71)Applicant : SHIN ETSU HANDOTAI CO LTD 


(22)Date of filing : 26.02.1 999 


(72)Inventor : TAMAZUKA MASARO 




AIHARA TAKESHI 




YOSHIDA CHISA 




MIKI KATSUHIKO 




AKIYAMA SHOJI 




YAGI SHINICHIRO 


(30)Priority 




Priority number : 10158322 Priority date 


: 22.05.1998 Priority country : JP 



(54) PRODUCTION OF EPITAXIAL SIUGON SINGLE CRYSTAL WAFER AND EPITAXIAL SIUCON 
SINGLE CRYSTAL WAFER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To easily obtain in high productivity an epitaxial silicon single crystal 
wafer having high gettering ability, low in heavy metal impurity concentration and high in 
crystallinity even on a substrate of low boron concentration. 

SOLUTION: This epitaxial silicon single crystal wafer is obtained according to the following 
procedure: a nitrogen-doped silicon single crystal rod is grown by Czochralski method and then 
sliced into silicon single crystal wafers, and an epitaxial layer is formed on the surface layer of each 
of the above silicon single crystal wafers. 



LEGAL STATUS 

[Date of request for examination] 01.03.2000 

[Date of sending the examiner's decision of 29.01 .2002 
rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision of 2002-03409 



http://wwl9,ipdLncipi.go.jp/PAl/result/detail/main/wAAA9VaiQjDA41204^ 1/4/2005 



Page 1 of 2 



* NOTICES * 

JPO and NCZPI are not responsible £or any 
damages caused by the use o£ this translation* 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3 .In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] How to manufacture the epitaxial silicon single crystal wafer characterized by forming an 
epitaxial layer in the surface section of this silicon single crystal wafer after raising the silicon single 
crystal rod which doped nitrogen with the Czochrlski method in the approach of manufacturing an 
epitaxial silicon single crystal wafer, slicing this silicon single crystal rod and processing it into a silicon 
single crystal wafer. 

[Claim 2] How to manufacture the epitaxial silicon single crystal wafer indicated to claim 1 
characterized by making into 1x1010 - 5x1015 atoms/cm3 nitrogen concentration doped on this single 
crystal rod in case the silicon single crystal rod which doped nitrogen with said Czochrlski method is 
raised. 

[Claim 3] How to manufacture the epitaxial silicon single crystal wafer indicated to claim 1 or claim 2 
characterized by making into 1x1013 - 1x1014 atoms/cm3 nitrogen concentration doped on this single 
crystal rod in case the silicon single crystal rod which doped nitrogen with said Czochrlski method is 
raised. 

[Claim 4] How to manufacture the epitaxial silicon single crystal wafer indicated in any 1 term of claim 
1 characterized by setting to 1 8 or less ppmas the oxygen density between grids contained on this single 
crystal rod in case the silicon single crystal rod which doped nitrogen with said Czochrlski method is 
raised thru/or claim 3. 

[Claim 5] How to manufacture the epitaxial silicon single crystal wafer indicated in any 1 term of claim 
1 characterized by adding heat treatment of the temperature below the melting point of 900 degrees C - 
silicon to said silicon single crystal wafer before forming an epitaxial layer in the surface section of said 
silicon single crystal wafer thru/or claim 4. 

[Claim 6] Said heat treatment is the approach of manufacturing the epitaxial single crystal wafer 
indicated to claim 5 characterized by carrying out for at least 30 seconds by making hydrogen, inert gas, 
or these mixed gas into an ambient atmosphere. 

[Claim 7] How to manufacture the epitaxial silicon single crystal wafer indicated in any 1 term of claim 
1 characterized by making the resistivity of said silicon single crystal wafer into 0.1 or more ohm-cm 
thru/or claim 6. 

[Claim 8] The epitaxial silicon single crystal wafer manufactured by the approach indicated to claim 1 
thru/or claim 7. 

[Claim 9] It is the epitaxial silicon single crystal wafer characterized by being that by which the epitaxial 
layer is formed in the surface section of the silicon single crystal wafer which is an epitaxial silicon 
single crystal wafer, sliced the silicon single crystal rod which this epitaxial silicon single crystal wafer 
doped nitrogen with the Czochrlski method, and was raised, and was obtained. 
[Claim 10] The epitaxial silicon single crystal wafer indicated to claim 9 to which nitrogen 
concentration of said silicon single crystal wafer is characterized by being 1x1010 - 5x1015 atoms/cm3. 
[Claim 11] The epitaxial silicon single crystal wafer indicated to claim 9 or claim 10 to which nitrogen 
concentration of said silicon single crystaJ wafer is characterized by being 1x1013-1x1014 atoms/cm3. 
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[Claim 12] The epitaxial silicon single crystal wafer characterized by being the epitaxial silicon single 
crystal wafer indicated to claim 11, and the defect density on the front face of an epitaxial layer being 
two or less [ 0.3 //cm ]. 

[Claim 13] The epitaxial silicon single crystal wafer indicated in any 1 term of claim 9 to which the 
oxygen density between grids of said silicon single crystal wafer is characterized by being 18 or less 
ppmas thru/or claim 12. 

[Claim 14] Said silicon single crystal wafer is an epitaxial silicon single crystal wafer indicated in any 1 
term of claim 9 characterized by having a number of precipitation-of-oxygen nuclei with which the 
consistency of the oxygen sludge formed of the oxygen precipitation heat treatment after epitaxial 
growth becomes three or more [1x108 //cm ] in the state of as-grown of a silicon single crystal rod 
thru/or claim 13. 

[Claim 15] The epitaxial silicon single crystal wafer indicated in any 1 term of claim 9 to which it is 
characterized by the ability to add heat treatment of the temperature below the melting point of 900 
degrees C - siHcon before said silicon single crystal wafer forms an epitaxial layer in the surface section 
thru/or claim 14. 

[Claim 16] The epitaxial silicon single crystal wafer indicated in any 1 term of claim 9 to which it is 
characterized by the ability to add heat treatment for at least 30 seconds under hydrogen, inert gas, or 
these mixed-gas ambient atmospheres before said silicon single crystal wafer forms an epitaxial layer in 
the surface section thru/or claim 15. 

[Claim 17] Said silicon single crystal wafer is an epitaxial silicon single crystal wafer indicated to claim 
15 or claim 16 characterized by defect density 0.135 micrometers or more being that from which the 
oxygen sludge consistency in which the defective size of the wafer surface section is two or less 
[0.12 //cm ], and is formed by oxygen precipitation heat treatment after heat treatment before forming 
an epitaxial layer in the surface section becomes three or more [ 1x108 //cm ]. 
[Claim 18] The epitaxial silicon single crystal wafer indicated in any 1 term of claim 9 to which the 
resistivity of said silicon single crystal wafer is characterized by being 0.1 or more ohm-cm thru/or 
claim 17. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention has little harmful heavy-metal high impurity concentration, and 
there are little manufacture approach of an epitaxial silicon single crystal wafer excellent in crystallinity 
and heavy-metal high impurity concentration, and it relates to the epitaxial silicon single crystal wafer 
excellent in crystallinity. 
[0002] 

[Description of the Prior Art] The epitaxial silicon single crystal wafer has been used for many years as 
a wafer which manufactures an individual semi-conductor, a bipolar IC, etc. widely from the 
outstanding property. Moreover, MOS Also about LSI, since the soft error and the latch rise property are 
excellent, it is widely used for the microprocessor unit or the flash plate memory device. Furthermore, in 
order to reduce the poor dependability of DRAM by the so-called Grown-in defect introduced at the 
time of silicon single crystal manufacture, the need of an epitaxial silicon single crystal wafer is 
expanded increasingly. 

[0003] If a heavy-metal impurity exists on the epitaxial silicon single crystal wafer used for such a 
semiconductor device, the poor property of a semiconductor device will be started. The heavy-metal 
impurity with which especially the air cleanliness class needed for the latest device is considered to be 
two or less 1x109 atoms/cm, and heavy-metal high impurity concentration exists on a silicon wafer must 
be decreased as much as possible. 

[0004] The importance of a gettering technique is becoming still higher as one of the techniques which 
reduces such a heavy-metal impurity. Conventionally, the substrate of high boron concentration with the 
high gettering effectiveness (for example, three or more 3x1018 atoms/cm, 0.02 ohm-cm or less) is used 
for manufacture of an epitaxial silicon single crystal wafer, therefore the high device yield was obtained 
compared with the silicon single crystal wafer of the usual resistance by which the epitaxial silicon 
single crystal wafer was manufactured with the Czochrlski method. 

[0005] However, the inclination for the substrate of low boron concentration to be conventionally used 
as a substrate of the epitaxial silicon single crystal wafer for CMOS devices is becoming high recently, 
and the problem that gettering capacity is low compared with the substrate of high boron concentration 
has arisen. Moreover, even if it is the substrate of high boron concentration, depending on concentration, 
gettering deficiency in performance poses a problem. 

[0006] Moreover, tiiere is a problem of the impurity which resistivity evaporated from the substrate in 
epitaxial growth to the substrate of the high boron concentration of less than 0.1 ohm-cm being again 
incorporated by the epitaxial layer, or becoming easy to generate the autodoping by which an impxmty is 
incorporated by solid phase out-diffusion in an epitaxial layer from a substrate front face. By this 
autodoping, a cure, such as carrying out CVD coating of the substrate by Si02, since the resistivity of an 
epitaxial layer changes, is required, and it had become the cause of worsening productivity and cost 
[0007] 

[Problem(s) to be Solved by the Invention] In view of such a trouble, it succeeded in this invention, and 
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it raises the gettering capacity of the substrate of high boron concentration as a substrate of an epitaxial 
silicon single crystal wafer, and also in the substrate of low boron concentration, heavy-metal high 
impurity concentration is low with high gettering capacity, and it sets it as the main purpose to offer the 
manufacture approach which is a sex from Takao and produces simply the epitaxial silicon single crystal 
wafer excellent in crystallinity. 
[0008] 

[Means for Solving the Problem] In the approach of manufacturing an epitaxial silicon single crystal 
wafer, after invention indicated to claim 1 of this invention in order to solve the above-mentioned 
technical problem raises the silicon single crystal rod which doped nitrogen with the Czochrlski method, 
slices this silicon single crystal rod and processes it into a silicon single crystal wafer, it is the approach 
of manufacturing the epitaxial silicon single crystal wafer characterized by forming an epitaxial layer in 
the surface section of this silicon single crystal wafer. 

[0009] Thus, it sets to the approach of manufacturing an epitaxial silicon single crystal wafer. The 
silicon single crystal rod which doped nitrogen with the Czochrlski method is raised. If an epitaxial layer 
is formed in the surface section of this silicon single crystal wafer after slicing this silicon single crystal 
rod and processing it into a silicon single crystal wafer Since precipitation of oxygen is promoted by 
existence of nitrogen in the bulk section of a silicon single crystal wafer While boron is not doped to 
high concentration but ** also has the high gettering effectiveness at the time of the epitaxial 
stratification Gettering capacity can be raised also in the substrate of high boron concentration, and the 
epitaxial silicon single crystal wafer which has the very low epitaxial layer of heavy-metal high impurity 
concentration can be manufactured, 

[0010] In this case, as indicated to claim 2, in case the silicon single crystal rod which doped nitrogen 
with the Czochrlski method is raised, it is desirable to make into 1x1010 - 5x1015 atoms/cm3 nitrogen 
concentration doped on a single crystal rod. This is because it is desirable to consider as three or less 
5x1015 atoms/cm in order to fiiUy control growth of the crystal defect in a silicon wafer with nitrogen 
and to make it it not become the hindrance of a desirable thing and single-crystal-izing of the silicon 
single crystal in the Czochrlski method to make it three or more 1x1010 atoms/cm. 
[001 1] As fijrthermore indicated to claim 3 in this case, in case the silicon single crystal rod which 
doped nitrogen with the Czochrlski method is raised, it is desirable to make into 1x1013 - 1x1014 
atoms/cm3 nitrogen concentration doped on a single crystal rod. 

[0012] Since it is formed certainly in the state of as-grown when nitrogen concentration was three or 
more 1x1013 atoms/cm, immediately after the precipitation-of-oxygen nucleus stable at an elevated 
temperature made the silicon single crystal rod raise by this. For example, it is because the epitaxial 
wafer with which an oxygen sludge consistency becomes three or more [1x108 //cm ] after the oxygen 
precipitation heat treatment after epitaxial growth can be produced more certainly, without a 
precipitation-of-oxygen nucleus disappearing, even if it performs epitaxial growth at an elevated 
temperature 1000 degrees C or more. Moreover, it is because crystal defects, such as a stacking fault 
(SF) formed in an epitaxial layer, will be remarkably controlled if nitrogen concentration is three or less 
1x1014 atoms/cm. In addition, the oxygen precipitation heat treatment in this invention means a thing of 
processing which performs 1000 degrees C and heat treatment of 16 hours xmder an oxygen ambient 
atmosphere, after performing 800 degrees C and heat treatment of 4 hours for example, under nitrogen- 
gas-atmosphere mind. 

[0013] Moreover, as indicated to claim 4, in case the silicon single crystal rod which doped nitrogen 
with the Czochrlski method is raised, it is desirable to make below into 1 8ppma (JEIDA: Japan 
Electronic Industry Development Association specification) the oxygen density between grids contained 
on this single crystal rod. Tlius, since formation of the crystal defect in hypoxia, then a silicon wafer can 
be controlled and formation of the oxygen sludge in a suiface layer can also be prevented, it is also rare 
for a bad influence to arise in the crystallinity of an epitaxial layer. On the other hand, in the bulk 
section, since precipitation of oxygen is promoted by existence of nitrogen, the gettering effectiveness 
can fiiUy be demonstrated also as hypoxia. 

[0014] Furthermore, as indicated to claim 5, before forming an epitaxial layer in the surface section of a 
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silicon single crystal wafer, it is desirable to add heat treatment of the temperature below the melting 
point of 900 degrees C - silicon to a silicon single crystal wafer. Thus, since out-diffusion of nitrogen 
and oxygen of a silicon single crystal wafer front face can be carried out and the crystal defect of a 
silicon single crystal wafer surface layer can be extremely lessened if heat treatment of the temperature 
below the melting point of 900 degrees C - silicon is added to a silicon single crystal wafer before 
forming an epitaxial layer, it can prevent a bad influence arising in the crystallinity of an epitaxial layer. 
Moreover, sufficient gettering effectiveness is acquired, without it seeming that a deposit nucleus will 
dissolve and a deposit will not take place when hot heat treatment which forms an epitaxial layer is 
performed. 

[0015] In this case, as indicated to claim 6, as for said heat treatment, it is desirable to carry out for at 
least 30 seconds by making hydrogen, inert gas, or these mixed gas into an ambient atmosphere. Thus, if 
ambient atmospheres are hydrogen, inert gas, or these mixed gas, an oxidation induction stacking-fault 
(OSF) nucleus can grow up to be a wafer front face by heat treatment, or out-diffusion of oxygen and 
nitrogen on the front face of a wafer can be certainly carried out so that membrane formation cannot 
arise, and the crystal defect of a wafer surface layer can be decreased. Moreover, as heat treatment time 
amount, if it carries out for at least 30 seconds, the effectiveness of heat treatment can be raised enough. 
[0016] And in invention indicated to claim 7 of this invention, it was presupposed that the resistivity of a 
silicon single crystal wafer is made 0.1 or more ohm-cm. Since an epitaxial wafer with low heavy-metal 
high impurity concentration can be manufactured according to the high gettering effectiveness even if it 
uses a silicon single crystal wafer with such low boron concentration of high resistivity, the manufacture 
approach of this invention is applicable enough, even if it is the case where the epitaxial silicon single 
crystal wafer of which high resistivity is required by the substrates for CMOS devices etc. is 
manufactured. Moreover, if it is low boron concentration, since it is hard to produce autodoping, the 
processing to autodoping also becomes unnecessary, and the improvement of productivity and cost can 
be expected. 

[0017] And like claim 9 in the silicon single crystal wafer (claim 8) manufactured by the manufacture 
approach of this invention, it is an epitaxial silicon single crystal wafer, and the epitaxial layer is formed 
in the surface section of the silicon single crystal wafer from which this epitaxial silicon single crystal 
wafer sliced the silicon single crystal rod which doped nitrogen and was raised, and was obtained by the 
Czochrlski method. 

[0018] And in this case, like claim 10, nitrogen concentration of a silicon single crystal wafer can be 
made into 1x1010 - 5x1015 atoms/cm3, or can be made into 1x1013 - 1x1014 atoms/cm3 like claim 1 1. 
Thus, the epitaxial wafer which had the epitaxial layer formed in the silicon single crystal wafer by 
which the amount of nitrogen dopes was controlled appropriately becomes that whose crystallinity of an 
epitaxial layer improved further. 

[0019] As were especially indicated to claim 1 1 and it indicated to claim 12 when nitrogen concentration 
of a silicon single crystal wafer was made into 1x1013-1x1014 atoms/cm3, defect density on the front 
face of an epitaxial layer can be made or less [ 0.3 //cm ] into two. Thus, the epitaxial silicon single 
crystal wafer of this invention can make certainly defect density on the front face of an epitaxial layer 
very as small 0.3 pieces/cm a thing as 2, when it is having nitrogen of optimum dose doped. Thus, when 
this epitaxial wafer is used for device production for the crystallinity of a high epitaxial layer, 
degradation of an oxide film proof-pressure property etc. cannot take place easily, and the yield of 
device production can be raised remarkably. 

[0020] Moreover, the oxygen density of a silicon single crystal wafer can also be set to 18 or less ppmas 
like claim 13. Thus, if it is the epitaxial wafer which had the epitaxial layer formed in the front face of 
the silicon single crystal wafer of hypoxia concentration, it is also rare for a bad influence to arise in the 
crystallinity of an epitaxial layer by formation of the oxygen sludge in a surface layer. On the other 
hand, in the bulk section, since precipitation of oxygen is promoted by existence of nitrogen, it ftilly has 
the gettering effectiveness also as hypoxia. 

[0021] Still like claim 14, said silicon single crystal wafer shall have a number of precipitation-of- 
oxygen nuclei with which the consistency of the oxygen sludge formed of the oxygen precipitation heat 
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treatment after epitaxial growth becomes three or more [1x108 //cm ] in the state of as-grown of a 
silicon single crystal rod. An as-grown condition means the thing in the condition that heat treatment is 
not performed at all, or the condition that only annihilation-of-oxygen-donor heat treatment usually 
performed was performed here, after pulling up a silicon single crystal rod. 

[0022] In order that the epitaxial silicon single crystal wafer of this invention may dope nitrogen and 
may grow up a silicon single crystal rod, it has many stable precipitation-of-oxygen nuclei at the 
elevated temperature in the as-grown condition immediately after growing up a silicon single crystal 
rod. Therefore, an oxygen sludge consistency shall have the high gettering effectiveness it is ineffective 
to three or more [1x108 //cm ] after the precipitation heat treatment after epitaxial growth, without a 
precipitation-of-oxygen nucleus disappearing, even if it performs hot epitaxial growth. 
[0023] In this case, as indicated to claim 15, before said silicon single crystal wafer formed the epitaxial 
layer in the surface section, heat treatment of the temperature below the melting point of 900 degrees C - 
silicon should be added. If it heat-treats before epitaxial growth, generating of a defect like the stacking 
fault (SF) formed in an epitaxial layer will be controlled. Therefore, if it is the epitaxial silicon single 
crystal wafer with which the epitaxial layer is formed in the surface section of such a silicon single 
crystal wafer, the surface section of a silicon single crystal wafer has very few crystal defects, and since 
the bulk section has the high gettering effectiveness, the epitaxial layer of the surface section of an 
epitaxial siHcon single crystal wafer will have very good crystallinity, and it will become what has very 
low heavy-metal high impurity concentration. 

[0024] Moreover, as indicated to claim 16 in this case, before said silicon single crystal wafer formed 
the epitaxial layer in the surface section, heat treatment for at least 30 seconds should be added under 
hydrogen, inert gas, or these mixed-gas ambient atmospheres. If it heat-treats under such an ambient 
atmosphere, bad influences, such as generating of OSF and mraibrane formation, will not reach a wafer 
fi-ont face by the heat treatment back. Furthermore, that what is necessary is just to give at least 30 
seconds or more, since heat treatment time amount can be managed with short-time heat treatment, it 
can be processed for high productivity. 

[0025] And as indicated to claim 17, the oxygen sludge consistency in which defect density 0.135 
micrometers or more is two or less [0.12 //cm ], and the defective size of the wafer surface section is 
formed of oxygen precipitation heat treatment after heat treatment before said silicon single crystal 
wafer forms an epitaxial layer in the surface section shall become three or more [1x108 //cm ]. 
[0026] Thus, as for the wafer before the epitaxial silicon single crystal wafer of this invention forms an 
epitaxial layer, in 2 or less [0.12 //cm ], and the size and the consistency of a defect, in the surface 
section, defect density 0,135 micrometers or more becomes a very small thing. On the other hand, in the 
bulk section, since an oxygen sludge consistency becomes 3 or more [1x108 //cm ] and a big thing, the 
epitaxial layer of the surface section of an epitaxial silicon single crystal wafer has very good 
crystallinity, and it becomes what has very low heavy-metal high impurity concentration. 
[0027] Moreover, since the resistivity of tfie silicon single crystal wafer of an epitaxial silicon single 
crystal wafer can consider as 0.1 or more ohm-cm as indicated to claim 18, it can apply to the epitaxial 
silicon single crystal wafer for the latest CMOS devices, the problem of autodoping cannot arise easily, 
and it becomes an epitaxial silicon single crystal wafer with high productivity. 

[0028] Hereafter, although this invention is explained fiirther in fixU detail, this invention is not limited 
to these. By presenting the substrate wafer for manufacturing an epitaxial silicon single crystal wafer 
with the silicon single crystal wafer of the sex from Takao which has the high gettering effectiveness 
obtained by the technique which dopes nitrogen during silicon single crystal training by the CZ process, 
this invention scrutinizes a header and terms and conditions for the ability of the epitaxial silicon single 
crystal wafer which has the high gettering effectiveness and was excellent in crystallinity with very 
small heavy-metal high impurity concentration to be obtained by the sex from Takao, and completes this 
invention. 

[0029] That is, if nitrogen is doped in a silicon single crystal, condensation of the oxygen atom in silicon 
is promoted and it is pointed out that an oxygen sludge consistency becomes high (T. 3 Abe 
andH.Takeno, Mat.Res.Soc.Symp.Proc. Vol.262, and 1992). It is thought that this effectiveness is for the 
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condensation process of an oxygen atom to shift to the unxmifonnity nucleation which used impxmty 
nitrogen as the nucleus from homogeneity nucleation. 

[0030] Therefore, if nitrogen is doped in case a silicon single crystal is raised by the CZ process, a 
silicon single crystal and this with a high oxygen sludge consistency can be processed, and a silicon 
single crystal wafer can be obtained. And by growing up an epitaxial layer by using this silicon single 
crystal wafer as a substrate, the same oxygen density can also obtain a high oxygen sludge consistency 
compared with the substrate which has not doped nitrogen, and can grow an epitaxial layer with very 
few heavy-metal impurity defects as that result. 

[0031] And since the silicon single crystal wafer which doped nitrogen and was manufactured in this 
way at the time of silicon single crystal training will have the high gettering effectiveness even if it is 
low boron concentration, even when growing up an epitaxial layer into a high resistance substrate front 
face, it can manufacture the epitaxial silicon wafer from which gettering of the heavy-metal impurity 
was carried out, and it was removed. Moreover, if epitaxial growth is performed on the substrate front 
face of low boron concentration in this way, since the problem of autodoping will not arise, the cure to 
autodoping also becomes unnecessary and the improvement of productivity and cost can be expected. 
[0032] 

[Embodiment of the Invention] What is necessary is to just be based on a well-known approach which is 
indicated by JP,60-251 190,A in this invention, in order to raise the silicon single crystal rod which 
doped nitrogen by the CZ process. 

[0033] That is, although a CZ process is an approach of pulling up slowly and raising the silicon single 
crystal rod of a request diameter, contacting seed crystal to the melt of the polycrystalline silicon raw 
material held into the quartz crucible, and rotating this, it can dope nitrogen during a raising crystal by 
putting in the nitride in the queutz crucible beforehand, throwing in a nitride in silicon melt, or making a 
controlled atmosphere into the ambient atmosphere containing nitrogen etc. Under the present 
circumstances, the amount of dopes imder crystal is controllable by adjusting concentration or 
installation time of the amount of a nitride, or nitrogen gas etc. 

[0034] Thus, in case a single crystal rod is raised by the CZ process, while being able to make growth of 
the Grown-in defect introduced by doping nitrogen control, condensation of the oxygen atom in silicon 
can be promoted and an oxygen sludge consistency can be made high. This approach does not have to 
make a raising rate late, using the conventional manufacturing installation, since it is the approach of 
enforcing easily, does not newly need extension of a manufacturing installation etc., but can 
manufacture a silicon single crystal for high productivity. 

[0035] If nitrogen is doped in a silicon single crystal, it will be thought that the reason condensation of 
the oxygen atom in silicon is promoted and an oxygen sludge consistency becomes high is for the 
condensation process of an oxygen atom to shift to the ununiformity nucleation which used impurity 
nitrogen as the nucleus from homogeneity nucleation as above-mentioned. Therefore, as for the 
concentration of the nitrogen to dope, it is desirable to make it three or more 1x1010 atoms/cm which 
fiiUy causes imuniformity nucleation. An oxygen sludge consistency can be made high enough by this. If 
nitrogen concentration exceeds 5x1015 atoms/cm3 which is a solid-solution limit community in a silicon 
single crystal, since the single-crystal-izing of a silicon single crystal itself will be checked on the other 
hand, it is desirable to make it not exceed this concentration. 

[0036] Furthermore, as for nitrogen concentration, it is desirable to make it 1x1013 -1x1014 
atoms/cm3. If nitrogen concentration of this is three or more 1x1013 atoms/cm, since a stable 
precipitation-of-oxygen nucleus will be certainly formed in the state of as-grown at an elevated 
temperature. For example, without a precipitation-of-oxygen nucleus disappearing, even if it performs 
epitaxial growth at an elevated temperature 1000 degrees C or more Can produce more certainly the 
epitaxial wafer with which an oxygen sludge consistency becomes three or more [ 1x108 //cm ] after 
precipitation heat treatment, and if nitrogen concentration is three or less 1x1014 atoms/cm It is because 
crystal defects, such as a stacking fault (SF) formed in an epitaxial layer, are controlled remarkably. In 
addition, although the precipitation-of-oxygen nucleus in an as-grown condition cannot be measured 
directly, it can evaluate indirectly by measuring the precipitation-of-oxygen consistency after 
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performing precipitation heat treatment. 

[0037] Moreover, in case the silicon single crystal rod which doped nitrogen by the CZ process is raised 
in this invention, it is desirable to set to 1 8 or less ppmas the oxygen density contained on a single 
crystal rod. If the oxygen density in a silicon single crystal exceeds 1 8ppma(s), since the defect of the 
oxygen sludge to which the crystallinity of an epitaxial layer is reduced will become that it is easy to be 
formed in a silicon single crystal front face, formation of hypoxia, then the oxygen sludge in a surface 
layer can be prevented in this way, and it can prevent a bad influence arising in the crystallinity of an 
epitaxial layer. On the other hand, in the bulk section, since precipitation of oxygen is promoted by 
existence of nitrogen, the gettering effectiveness can fully be demonstrated also as hypoxia. 
[0038] In case a silicon single crystal rod is raised, the method of reducing the oxygen density to contain 
in the above-mentioned range should just be based on the approach commonly used from the former. 
For example, it can consider as the above-mentioned oxygen density range easily with means, such as 
temperature distribution of reduction of a crucible rotational frequency, the increment in an introductory 
quantity of gas flow, the fall of the ambient pressure force, and silicon melt, and adjustment of the 
convection current. 

[0039] In this way, the nitrogen of request concentration is doped in a CZ process, and while there are 
few crystal defects, the silicon single crystal rod containing the oxygen of request concentration is 
obtained. After slicing this according to the usual approach with cutting equipments, such as an inner 
circumference cutting-edge slicer or a wire saw, it is processed into a silicon single crystal wafer 
through processes, such as beveling, wrapping, etching, and polish, of course ~ ** these processes 
remain for having carried out instantiation listing, in addition may have various processes, such as 
washing and heat treatment, — modification of the order of a process part - according to the purposes, 
such as an abbreviation, modification use of the process is carried out suitably. 

[0040] Next, before performing epitaxial growth, it is desirable to add heat treatment of the temperature 
below the melting point of 900 degrees C - silicon to the obtained silicon single crystal wafer. Out- 
diffusion of nitrogen and oxygen of a silicon single crystal wafer front face can be carried out by 
performing this heat treatment, before forming an epitaxial layer. 

[0041] Out-diffusion of the nitrogen of a silicon single crystal wafer front face is carried out for oxygen 
depositing according to the precipitation-of-oxygen facilitatory effect of nitrogen in the field which 
forms the epitaxial layer of a silicon single crystal wafer surface layer, and preventing the things 
(generating of SF etc.) for which it has a bad influence on an epitaxial layer by formation of the defect 
based on this. 

[0042] In this case, since the diffusion rate in the inside of the silicon of nitrogen is more remarkably 
[ than oxygen ] quick, it can carry out out-difflxsion of the surface nitrogen certainly by adding heat 
treatment. As conditions for concrete heat treatment, it is desirable to carry out more preferably in a 
1 100 degrees C - 1250 degrees C temperature requirement below the melting point of 900 degrees C - 
silicon. Since out-diffusion also of the oxygen can be carried out to coincidence while fully being able to 
carry out the out-diffusion of the nitrogen of a silicon single crystal wafer surface layer by heat-treating 
in such a temperature requirement, generating of the defect resulting from the oxygen sludge in a surface 
layer can be prevented nearly completely, and it can prevent a bad influence attaining to the crystallinity 
of an epitaxial layer. 

[0043] Moreover, if the above-mentioned heat treatment is not performed but elevated-temperature heat 
treatment for direct epitaxial growth is added before performing epitaxial growth when nitrogen 
concentration is low Although a precipitation-of-oxygen nucleus dissolves, a deposit does not fully take 
place by subsequent heat treatment and the gettering effectiveness may not be acquired If the above heat 
treatments are performed before performing elevated-temperature heat treatment of epitaxial growth, 
gettering effectiveness sufficient at the time of the epitaxial stratification can be acquired, and the very 
low epitaxial silicon single crystal wafer of heavy-metal high impurity concentration can be obtained. 
[0044] Especially as an ambient atmosphere at the time of carrying out this heat treatment, it may not be 
limited and you may be oxygen etc. depending on inert gas, such as hydrogen or an argon, or these 
mixed gas, and the case. However, when an ambient atmosphere is oxygen, according to heat treatment 
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conditions, the OSF nucleus on the front face of a wafer may be grown up, and an oxide film may be 
formed by the front face. Since the process which removes fliis oxide film is needed when an oxide film 
is formed in a front face, the ambient atmosphere without film formation, such as hydrogen and an 
argon, is more desirable. 

[0045] Moreover, if heat treatment time amount uses the rapid heating and quick cooling equipment 
using heating methods, such as a lamp heater known as RTA (Rapid Thermal Annealing) equipment, or 
is made to perform heat treatment and epitaxial deposition as equipment used for heat treatment 
continuously using an epitaxial growth system in [ of 5 or less minutes ] being a short time 
comparatively, it can process for high productivity. Moreover, when heat-treating comparatively for a 
long time, it is efficient if batch processing of the heat treating furnace of the heater heating method 
which can heat-treat dozens of or more wafers is used and carried out to coincidence. 
[0046] Moreover, in this invention, resistivity can use the substrate of the low boron concentration of 
lOohm and cm, without using the substrate of high boron concentration for the substrate wafer of an 
epitaxial silicon single crystal wafer. Since the problem of autodoping will not arise if it is the substrate 
of such low boron concentration, it is not necessary to process that Si02 performs CVD coating for the 
rear face of a substrate etc. Therefore, the improvement of productivity and cost is expectable. 
[0047] On the other hand, since precipitation of oxygen is promoted by existence of nitrogen in the bulk 
section of a silicon single crystal wafer, it becomes the hi^ thing of the gettering effectiveness, and 
even if it is the silicon single crystal wafer of low boron concentration, the gettering effectiveness can 
fully be demonstrated. For this reason, an epitaxial layer with very few heavy-metal impurity defects can 
be formed also on the substrate of high resistance. 
[0048] 

[Example] Although the example and the example of a comparison of this invention are given and being 
explained concretely hereafter, this invention is not limited to these. 

(An example 1, example 1 of a comparison) By the CZ process, the raw material polycrystalline silicon 
which added the boron of predetermined concentration to the quartz crucible with a diameter of 18 
inches was charged, and the diameter of 6 inches, P type, and six crystal rods of bearing <100> were 
pulled up at the rate of 1 .0 mm/min which is the usual raising rate. Although the silicon wafer which has 
a silicon nitride film beforehand was thrown in in the raw material by raising of four among those, 
nitrogen was not doped in raising of the crystal of remaining two. Moreover, which crystal controls 
crucible rotation during raising, and it was made for the oxygen density in a single crystal to serve as 
16ppma(s)(JEIDA). 

[0049] When the nitrogen concentration of the tail of four crystal rods of the direction which doped 
nitrogen was measured by FT-IR, two were 1.0x1014 atoms/cm3 inside, and two remaining were 
5.0x1014 atoms/cm3 (since the segregation coefficient of nitrogen is very small, the concentration of the 
body section of a crystal rod becomes below this value.). Moreover, when the oxygen density of all six 
single crystal rods was measured by FT-IR, it checked fliat any crystal served as an oxygen density of 
16ppma(s). 

[0050] From six single crystal rods obtained here, the wafer was cut down using the wire saw, beveling, 
wrapping, etching, and mirror-polishing processing were performed, and the existence of the dope of 
nitrogen and conditions other than the amount of dopes produced six silicon single crystal mirror plane 
wafers of three kinds of 6 inches diameters made almost the same. When the resistivity of these six 
silicon single crystal wafers was measured, six were 10 ohm-cm. 

[0051] One sheet is 1200 degrees C among the silicon wafers whose amoimts of nitrogen dopes are the 
two same sheets respectively, and one more sheet performed silicon epitaxial growth of 5 -micrometer 
thickness on the front face of six silicon single crystal wafers with three kinds of these amounts of 
nitrogen dopes of an as-grown condition at 1 125 degrees C. An epitaxial growth furnace is what has 
arranged the susceptor which lays a silicon substrate in a cylinder type bell jar, and the heating method 
was made into the thing of a radiation heating method. Epitaxial growth of the silicon was carried out on 
the silicon wafer by introducing SiHC13+H2 into this. And after heat-treating [ of 4 hours ] any wafer at 
800 degrees C according to N2 gas ambient atmosphere, the oxygen sludge was deposited by heat 
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treatment of 16 hours at 1000 degrees C according to 02 gas ambient atmosphere. Then, the oxygen 
sludge concentration in the bulk of a silicon wafer estimated the gettering effectiveness of these epitaxial 
silicon single crystal wafers. 

[0052] measurement of this oxygen sludge concentration ~ OPP (Optical Precipitate Profiler) — it 
carried out by law. This OPP method divides the laser beam which is a thing adapting a normal skiing 
type difTerential interference microscope, and came out of the light source first into two beams of the 
linearly polarized light from which about 90 degrees of phases which intersects perpendicularly differ 
with a polarizing prism, and it is made it to carry out incidence from a wafer mirror plane side. If one 
beam crosses a defect at this time, a phase shift will arise and phase contrast with another beam will 
arise. A defect is detected by detecting this phase contrast with a polarization analyzer after wafer side 
transparency. 

[0053] This measurement result was shown in drawin g 1 . Oxygen sludge defect density when a triangle 
plot performs epitaxial growth at 1 125 degrees C is shown by the case where the oxygen sludge defect 
density of nitrogen dope nothing, amount of nitrogen dopes 1.0x1014 atoms/cm3, and amoxmt of 
nitrogen dopes 5.0x1014 atoms/cmS was shown, and a circular plot performs epitaxial growth at 1200 
degrees C from the left of drawin g 1 here. 

[0054] Also in 5.0x1014 atoms/cmS, drawing 1 shows the high oxygen sludge consistency being shown 
similarly and having the high gettering effectiveness irrespective of the temperature at the time of 
epitaxial growth, also when the amount of nitrogen dopes is 1 .0x1014 atoms/cmS. On the other hand, 
when a nitrogen dope is not performed, in any case, an oxygen sludge consistency is understood that it is 
low and the gettering effectiveness is low. That is, without the precipitation-of-oxygen nucleus in an as- 
grown condition disappearing, even if it performs elevated-temperature EPI growtii of 1 100 degrees C 
or more, the wafer which carried out the nitrogen dope can produce the epitaxial wafer with which the 
oxygen sludge of high density is obtained certainly, if precipitation heat treatment is added. 
[0055] (An example 2, example 2 of a comparison) By the same CZ process as an example 1, the 
diameter of 8 inches, P type (boron dope), and the single crystal rod of bearing <100> were pulled up. 
The raising rate was made into two kinds, 1.0 nun/min and 1.8 mm/min, adjusted the amount of the 
wafer with a silicon nitride film thrown in in a raw material, it was pulled up as the single crystal rod 
whose nitrogen concentration is four kinds, 5x1012, 5x1013, 1x1014, and 5x1014 atoms/cmS, and an 
example of a comparison, pulled up the single crystal rod of a nitrogen non dope by rate 1 .0 mm/min, 
and produced the silicon single crystal mirror plane wafer with which nitrogen concentration differs 
from these. All, the resistivity of tiie produced silicon single crystal mirror plane wafer was about 10 
ohm-cm, and the oxygen density was the range of 10.5 - 17.5ppma (JEIDA). 

[0056] Next, 1 170 degrees C performed silicon epitaxial growth with a thickness of 3 micrometers on 
the front face of these silicon single crystal wafers following hydrogen BEKU for 1 minute using the 
epitaxial growth system at 1 150 degrees C. And precipitation heat treatment and oxygen sludge 
measurement were performed by the approach same to these epitaxial wafers as an example 1 . The 
result was shown in drawin g 2 . Like [ result / of drawing 2 ] an example 1, without the precipitation-of- 
oxygen nucleus in an as-grown condition disappearing, even if the wafer which carried out the nitrogen 
dope performs epitaxial growth of 1000 degrees C or more, when precipitation heat treatment is added, 
it tums out that the oxygen sludge is formed certainly. In addition, notation l.OE+10 in drawing show 
1.0x1010. 

[0057] (Example 3) By the same CZ process as an example 1, the diameter of 8 inches, P type (boron 
dope), and the single crystal rod of bearing <100> were pulled up. The raising rate was made into two 
kinds, 1 .0 nmi/min and 1 .8 mm/min, adjusted the amount of the wafer with a silicon nitride film thrown 
in in a raw material, produced two or more single crystal rods with which nitrogen concentration serves 
as 1x1013 - 1x1015 atoms/cm3, and produced two or more silicon single crystal mirror plane wafers 
with which nitrogen concentration will differ from now on. The resistivity of the produced silicon single 
crystal mirror plane wafer was about 10 ohm-cm, and the oxygen density was the range of 10 - ISppma 
(JEIDA). 

[0058] Next, 1090 degrees C performed silicon epitaxial growth of 15-micrometer thickness on the front 
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face of these silicon single crystal wafers following hydrogen BEKU for 1 minute using the epitaxial 
growth system at 1 130 degrees C. And SPl (trade name by the KLA ten call company) performed 
crystal defect consistencies, such as a stacking fault (SF) of the front face after epitaxial growth, and the 
result was shown in drawing 3 . Moreover, precipitation heat treatment and oxygen sludge measurement 
were performed by the approach same to these epitaxial wafers as an example 1 . Consequently, any 
wafer was found by having the oxygen sludge consistency of three or more [1x108 //cm ]. 
[0059] These results showed that the silicon epitaxial wafer which the nvimber of the crystal defects on 
the front face of an epitaxial layer is 100 or less with a 8 inch wafer, i.e., the defect density of two or less 
[ about 0.3 //cm ], and has the oxygen sludge consistency of three or more [ 1x108 //cm ] was obtained 
certainly, when nitrogen concentration was 1x1013 - 1x1014 atoms/cm3. 

[0060] (Example 4) By the same CZ process as an example 1, the diameter of 6 inches, P type (boron 
dope), and the single crystal rod of bearing <100> were pulled up, and it pulled up by rate 1 .0 mm/min. 
Moreover, as the amount of the wafer with a silicon nitride film thrown in in a raw material was adjusted 
and nitrogen concentration became 1x1014 - abbreviation 5x1014 atoms/cm3, the silicon single crystal 
mirror plane wafer was produced from this single crystal rod. The resistivity of the produced silicon 
single crystal mirror plane wafer was about 10 ohm-cm, and oxygen densities were about 16 ppma(s) 
(JEIDA). 

[0061] Next, SHUTIAKKU which is RTA (Rapid Thermal Annealing) equipment of a lamp heating 
type as heat treatment before growing epitaxially to these wafers MICRO-TEC It heat-treated using 
SHS-2800 by the intemational company. The ambient atmosphere of the heat treatment conditions at 
this time is Ar75% H225% for 1200 degrees C and 0 to 3600 seconds. In addition, heat treatment for 60 
seconds or more was performed by having repeated heat treatment for 60 seconds, and made the sum 
total time amoxmt heat treatment time amount 

[0062] The number of defects on the front face of a wafer before and behind the heat treatment (more 
than defective size 0.135micrometer) was investigated using Hitachi OSDA (Optical Shallow Defect 
Analyzer), and it was shown in drawing 4 . Moreover, precipitation heat treatment is performed by the 
approach same to the wafer in front of such epitaxial growth as an example 1, and the result of having 
investigated the field with a depth of 30 micrometers for the defect density in the bulk of a wafer (BMD 
consistency: BulkMicro Defect consistency) using the product made from Bio-Rad and nondestructive 
inspection equipment OFF (Optical Frecipitate Frofiler) is shown in drawing 5 . Although a surface 
defect decreases certainly in 30 seconds or more of annealing time amount from drawing 4 and the result 
of 5, it tums out that the difference remarkable in the BMD consistency used as the source of gettering 
has not arisen. That is, it tums out that the wafer with which the consistency of the oxygen sludge in 
which the number of defects of 0.135 micrometers or more is 20 or less pieces, i.e., the defect density of 
two or less [ about 0. 12 //cm ], with a 6 inch wafer, and the size of the surface section is moreover 
formed by oxygen precipitation heat treatment of heat treatment before epitaxial growth becomes three 
or more [ 1x108 //cm ] was produced. 

[0063] Next, the epitaxial growth system was used for the front face of the wafer which performed this 
heat treatment, following hydrogen BEKU for [ 1 130 degrees-C ] 1 minute, silicon epitaxial growth with 
a thickness of 15 micrometers was performed at 1090 degrees C, and the oxide-film proof-pressure 
property (a TZDB property and TDDB property) of this epitaxial wafer was measured. The result was 
shown in drawing 6 and 7. 

[0064] With the rate of an excellent article of TZDB of drawing 6 , the gate oxidation thickness of 
25nm, and a gate area of 8mm here under 2, judgment current value 1 mA/cm2, and the conditions of a 
room temperature It is a rate although oxide-fihn pressure-proofing has 8 or more MV/cm. With the rate 
of an excellent article of TDDB of drawing 7 The gate oxidation thickness of 25nm, and a gate area of 
4mm imder 2, stress current value 0,01 A/cm2, and the conditions of a room temperature The thing 
which has two or more oxide-film proof-pressure 25 C/cm or the gate oxidation thickness of 25nm, and 
a gate area of 4mm, although oxide-film pressure-proofing has two or more 5 C/cm under conditions of 
2 and stress current value 0.01 A/cm2,100 degree C, it is a rate. It tums out that the heat treatment time 
amount of those rates of an excellent article in front of epitaxial growth improves certainly in 30 seconds 
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or more from drawin g 6 and the result of 7, and 95% or more of rate of an excellent article is obtained in 
120 seconds or more. 

[0065] In addition, this invention is not limited to the above-mentioned operation gestalt. The above- 
mentioned operation gestalt is instantiation, and no matter it may be what thing which has the same 
configuration substantially with the technical thought indicated by the claim of this invention, and does 
the same operation effectiveness so, it is included by the technical range of this invention. 
[0066] for example, MCZ which it faces raising the silicon single crystal rod which doped nitrogen with 
the Czochrlski method in this invention, and it is not asked whether the magnetic field is impressed to 
melt, and impresses the so-called magnetic field to the Czochrlski method of this invention ~ law is also 
included. 

[0067] Moreover, even if it hits performing epitaxial growth, it is not restricted to the epitaxial growth 
by CVD, but this invention can be applied, also when MBE performs epitaxial growth and it 
manufactures an epitaxial silicon single crystal substrate. 
[0068] 

[Effect of the Invention] As explained above, in this invention, by using the silicon wafer which doped 
nitrogen as a substrate of an epitaxial silicon single crystal wafer, the gettering capacity of the substrate 
of high boron concentration is raised, it is a sex from Takao and the epitaxial silicon single crystal wafer 
heavy-metal high impurity concentration excelled [ wafer ] in crystallinity low with high gettering 
capacity also in the substrate of low boron concentration can be produced easily. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused l>y the use o£ this translation* 



1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
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[Drawingl] 
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